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 Abstract 
One-third of all undernourished children globally reside in Sub-Saharan Africa (SSA) 
including Nigeria. The main aim of this thesis was to examine child undernutrition in Nigeria. 
Specifically, this thesis examined the following: (i) systematic review of factors associated 
with undernutrition in SSA. (ii) meta-analysis of prevalence of undernutrition in SSA.  (iii) 
Factors associated with stunting and severe stunting among children under-five years in 
Nigeria. (iv) Factors associated with wasting and underweight among children under-five 
years in Nigeria. (v) Socioeconomic inequalities in childhood undernutrition in Nigeria using 
the decomposition method. This thesis utilized data from the most recent Demographic and 
Health Surveys (DHS) of 31 SSA countries and the 2003, 2008, and 2013 Nigeria DHS. 
Meta-analysis of prevalence was used to estimate the prevalence of undernutrition indicators 
within the four sub-regions of SSA. The Odds Ratio was estimated using Generalized Linear 
Latent and Mixed models (GLLAM) with the logit link and binomial family that adjusted for 
cluster and survey weights after controlling for potential confounders in order to determine 
associated factors with undernutrition indicators. The decomposition method was used to 
examine socioeconomic inequalities trend. Five published papers that addressed the research 
aims have been integrated to form the core of this thesis. These published papers are 
presented as individual chapters in this thesis and are described below. 
Chapter 1 identifies common associated factors with childhood stunting, wasting and 
underweight in the four sub-regions of SSA through a systematic review of relevant studies. 
This study found that the most consistent factors are: low mother’s education, increasing 
child’s age, sex of child (male), wealth index/low SES (poor household), prolonged duration 
of BF (>12 months), low birth weight, mother’s age (<20 years), source of drinking water 
(unimproved), low mother’s BMI (<18.5), birth size (small), diarrhoeal episode, low father’s 
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education and place of residence (rural). Findings from this study suggest the need to further 
assess undernutrition indicators in Southern and Central Africa regions because these regions 
reported the lowest number of studies reviewed. Chapter 2 presents meta-analysis of the 
prevalence of undernutrition indicators (stunting, wasting and underweight) within the four 
sub-regions of SSA. Statistical procedure was used to combine data from 32 countries DHS 
(2006-2016). Findings from this study revealed that stunting, wasting and underweight were 
high in Nigeria compared to most West African countries; this suggests the need to direct 
child nutrition interventions to the most vulnerable segments of the Nigerian population. 
Chapter 3 examined factors associated with childhood stunting and severe stunting among 
children under-5 years in Nigeria. Multivariate analysis revealed that sex of child (male), 
mother’s perceived birth size (small and average), household wealth index (poor and poorest 
households), duration of breastfeeding (more than 12 months), geopolitical zone (North East, 
North West, North Central) and children who were reported to having had diarrhoea in the 2 
weeks prior to the survey were associated with childhood stunting and severe stunting. This 
study suggests that policy interventions to reduce stunting in Nigeria should focus on poverty 
alleviation as well as improving maternal nutrition, child feeding practices and household 
sanitation. Chapter 4 reported factors associated with wasting/severe wasting and 
underweight/severe underweight among children under-5 years. Results show that the most 
significant factors were: geopolitical zone (North East, North West and North Central), 
perceived birth size (small and average), sex of child (male), place/mode of delivery (home 
delivery and non-caesarean) and a contraction of fever in the two weeks prior to the survey. 
Findings from this study suggest that interventions aimed at improving maternal health and 
access to health care services for children especially in the northern geopolitical zones of 
Nigeria are urgently needed. Chapter 5 revealed socioeconomic inequalities in child 
undernutrition using the decomposition approach. Results indicated that socioeconomic 
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 inequalities in stunting, wasting and underweight has increased between 2003 and 2013 
especially among children aged 0 – 23 months, uneducated mothers, poor households, young 
mothers, rural areas and within the Northern geopolitical zones.  
In conclusion, findings from these studies suggest the need for a multisectoral nutrition 
intervention which targets families with low socioeconomic status. This strategy would 
reduce child undernutrition in Nigeria, thus setting the country on the path to achieving the 
WHO global nutrition target of improving maternal, infant and young child nutrition by 2025. 
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SECTION I 
 
Overview 
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1.1 Introduction 
Malnutrition in general terms is used to define poor nutrition and encompasses both 
undernutrition and over nutrition. This thesis is only concerned with the burden of 
undernutrition. Child undernutrition is internationally recognized as an important 
public health indicator for monitoring nutritional status and health in children under-
five years. Undernutrition occurs when the body is deprived of energy, protein, and 
essential vitamins and minerals that lead to suboptimal growth and development [1]. 
Child undernutrition has been known to be linked to several adverse outcomes which 
include poverty, low levels of education, poor access to health services, poor 
environmental sanitation and the presence of infections [2, 3]. Thus, a proper 
understanding of undernutrition is necessary in mitigating its impact on child growth and 
development. 
1.2 Understanding childhood undernutrition 
Undernutrition is commonly assessed through the measurement of a child's 
anthropometry (height, weight), as well as through screening for biochemical and 
clinical markers [4]. Within this broad concept, three anthropometric indicators have 
been developed to measure nutritional imbalance in undernutrition. Stunting, wasting 
and underweight are used as markers of food shortage and food insecurity depending 
on the frequency, duration and intensity of food stress or shocks. They are defined 
below; 
Stunting (Height-for-age) – also referred to as chronic malnutrition is a deficit in 
height relative to a child’s age [5]. It is an indicator of linear growth retardation and 
cumulative growth deficits in children. Stunting occurs as a result of low intensity but 
frequent prolonged food shocks and/or repeated infections due to sustained exposure to 
suboptimal nutrition and poor public health environment [6, 7]. 
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Wasting (Weight-for-Height) – is a symptom of acute malnutrition which measures 
body mass in relation to height and describes current nutritional status [5]. It results 
from severe sudden food shocks which result from insufficient food intake or a high 
incidence of infectious diseases. It lowers body immunity which leads to increased 
vulnerability and severity of infectious diseases and death [6, 7]. 
Underweight (Weight-for-age) - is a composite index of height-for-age and weight-for-
height. It takes into account both acute malnutrition (wasting) and chronic 
malnutrition (stunting), but it does not distinguish between the two. 
This thesis operationalized growth standards published by the World Health 
Organization (WHO) in 2006. These growth standards were generated through data 
collected in the WHO Multicentre Growth Reference Study and expressed in 
standard deviation units from the Multicentre Growth Reference Study median. 
Children with Z scores below minus two standard deviations (- 2 SD) from the median 
of the WHO reference population were considered stunted, wasted or underweight 
while children with Z-scores below minus three standard deviations (- 3 SD) from the 
median of the WHO reference population were considered severely stunted, severely 
wasted or severely underweight [5]. 
1.3 The consequences of child undernutrition 
Child undernutrition is a major contributor to child morbidity and mortality in many low 
and middle income countries around the world [8]. Scientific evidence has shown that 
beyond the age of 2 years, the effects of chronic malnutrition are irreversible [6, 9]. 
The devastating effects of undernutrition on human performance, health, and survival 
have been well established in public health literatures and could have short-term or 
long-term health consequences due to its effect on the mental and physical development 
of the child [3, 10, 11, 12]. Undernutrition effects brain development causing delays in 
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motor and cognitive development resulting in lower intelligence quotients (IQs), memory 
deficiency, learning disabilities, attention deficit disorder, reduced social skill and 
language development as well as reduced problem-solving abilities, which negatively 
impacts on school performance and education attainment [10]. Studies show that 
children who were stunted in the first two years of life have lower cognitive test 
scores, delayed enrolment, higher school absenteeism and more class repetition 
compared with children who were not stunted [12, 13]. Undernutrition can also greatly 
compromise the immune system of a growing child, thus increasing their susceptible 
to infectious diseases and decreasing their growth potential [14]. These major damages 
to the child affect society and impacts on economic productivity in adulthood as 
nutrition deprived children often do not reach their optimum size as adults, which 
may affect their physical capacity for work and productivity. Evidence show that 
productivity loss from stunting is estimated at 1.38% reduced productivity for every 
1% decrease in height [15]. 
1.4 Distribution of Child undernutrition 
Annually, about 45% of children under-five years die of poor nutrition in the world 
[1]. Though the global prevalence of stunting, wasting and underweight has declined 
from 32.7%, 9% and 25% in 2000 to 22.9%, 7.7% and 15% in 2016, respectively [16], 
Sub-Saharan Africa (SSA) and South Asia still has the highest prevalence of child 
undernutrition, with SSA accounting for about one third of all undernourished 
children globally [16]. In SSA, about 39% of children under-5 years are stunted, 10% 
are wasted, and 25% are underweight [16]. These estimates suggest that despite the 
global progress that has been achieved, undernutrition remains unacceptably high in 
SSA. Currently there is a paucity of research on the idiosyncratic common factors that 
may be responsible for the high prevalence of undernutrition  in  the  SSA  area  and  
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the  most  vulnerable  sub-regions  and  population subgroups. This gap in research 
needs to be addressed in order to inform policy makers and health professionals on 
interventions to be prioritized to reduce child undernutrition in the region as a major 
public health problem. Such interventions targeting undernutrition in SSA is based on 
the recent UNICEF conceptual framework for improving child nutrition [17]. 
1.5 UNICEF conceptual framework 
Undernutrition occurs as a result of multiple and interrelated determinants’, thus 
understanding these determinants is important in developing effective interventions. 
The current UNICEF conceptual framework was originally developed in 1990 as part 
of UNICEF nutrition strategy for improving child nutrition in developing countries 
[17], but it was modified in 2013 to encompass the multi-sectoral causes of 
malnutrition at each level, with a focus on interventions [4]. The framework on 
undernutrition (Figure 1) is used to guide interventions from a multi-sectoral and 
multidimensional perspective. According to the framework, child malnutrition results 
from a series of immediate (individual level), underlying (household or family 
level), and basic (societal level) causes which work in synergy, where determinants at 
one level influence other levels. The immediate causes are the impact of the basic and 
underlying causes at the individual level through inadequate food intake and poor 
health status. The underlying causes focus on household food insecurity, inadequate 
care and feeding practices, unhealthy household environment and inadequate health 
services. The basic causes reflects more distal factors related to the broad economic, 
political, environmental, social, and cultural context shaping children’s nutrition within 
society, which result in inadequate financial, human, physical and social capital that 
influence household access to adequate quantity and quality of resources [18, 19]. 
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Figure 1: The UNICEF conceptual framework of undernutrition 
(2013). 
 
Source: UNICEF. Improving Child Nutrition: The achievable imperative for global 
progress. United Nations Children’s Fund; 2013. p. 4. 
 
The recently released 2013 Lancet Maternal and Child Nutrition Series introduced a 
comprehensive Framework for Action [20] with three core strategies for reducing 
undernutrition based on the UNICEF conceptual framework. These strategies involve 
nutrition-specific interventions that directly address the immediate causes of child 
undernutrition; nutrition-sensitive interventions that address the underlying causes; and 
building an enabling environment that addresses the basic causes of child undernutrition 
[20]. 
6 
 
1.6 Location of study area 
Nigeria is the most populous country in Africa and the seventh most populous nation in 
the world, with a population of about 182.2 million people [21]. Nigeria is located in 
the West Africa sub-region of SSA with territorial boundaries bordering the Republics 
of Niger and Chad on the north, the Republic of Cameroon on the east, and the Republic 
of Benin on the west (Figure 2). 
Nigeria comprises of 36 states and a Federal Capital Territory (FCT), which are grouped 
into six geopolitical zones: North Central, North East, North West, South East, South 
South, and South West. Geopolitical zones were defined based on ethnic homogeneity 
among states with similar cultures, history and close territories as well as political, 
administrative and commercial cities in Nigeria [22]. There are 774 constitutionally 
recognized local government areas (LGAs) within the country, and over 250 identifiable 
ethnic groups, with the Hausa, Yoruba, and Igbo as the major ethnic groups; these 
ethnic groups speak over 500 different languages. Nigeria’s economic strength is derived 
largely from its oil and gas reserves. As of 2015, Nigeria’s gross domestic product (GDP) 
was estimated at US$486.793 billion [23]. 
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Figure 2: The map of Nigeria 
 
1.7 Undernutrition in Nigeria and the need for urgent action 
There have been improvements in child nutrition, but undernutrition still remains a 
major public health concern in Nigeria with over half of the country’s population living 
in poverty. There are also major regional disparities, with about 90% of the poorest 
people living in the Northern geopolitical region of the country [24, 25]. 
The situation of childhood wasting in Nigeria remains critical and far exceeds 
emergency thresholds, as people face catastrophic levels of food insecurity especially 
in the Northern region. UNICEF estimates about 400,000 children in North East 
Nigeria will suffer Severe Acute Malnutrition (SAM) in 2017 [26]. Approximately one-
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in-five of those children (more than 75,000) is likely to die if they do not receive 
timely treatment. That amounts to more than 200 child deaths each day. Cases of 
diarrhoea, pneumonia and malaria are on the rise, and are associated with a 
significantly increased risk of child morbidity and mortality in children suffering from 
undernutrition. 
Nigeria regularly faces natural disasters - such as droughts, floods and epidemics - as 
well as violent conflict, including insurgency and communal clashes. In recent times, 
the terrorist insurgency of Boko Haram has left about 400,000 children severely 
malnourished, and has displaced an estimated 2.6 million from their homes [26]. The 
conflict with Boko Haram in North Eastern Nigeria continues to limit movement and 
farming activities which have left a large part of the population without access to good 
quality food, clean water, proper sanitation and health services requiring urgent 
humanitarian assistance [26]. This situation is further exasperated by the high national 
inflation rate which leads to reduced purchasing power of communities resulting in 
worsened food insecurity in the country. 
In 2016, UNICEF Nigeria and its partner agencies treated about 167,492 children 
suffering from severe acute malnutrition (SAM) through therapeutic programmes, with a 
recovery rate of 86 per cent in the most affected states in Northern Nigeria [27]. 
World Food Program (WFP) in partnership with the Nigerian government is also 
scaling up its assistance in North Eastern Nigeria to reach a total of 431,000 people in 
desperate need, including malnourished children, pregnant and nursing women. 
Although UNICEF and WFP have made significant progress in reaching children and 
their families with healthcare, treatment for malnutrition, safe water, sanitation and 
hygiene services, education and child protection, a persistent lack of funding continues 
to hamper the response effort [28]. 
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Therefore, there is a need for urgent action to reach the most vulnerable 
subpopulation and address the most significant modifiable determinants of child 
undernutrition in Nigeria with the limited funds available. These can be achieved by 
understanding the trends in child undernutrition within sub-populations in Nigeria over 
time. 
1.8 Trends in Undernutrition in Nigeria 
In general, the nutritional status of children under-five years in Nigeria has gradually 
improved over the past decade, though this improvement was below the 
WHO/UNICEF recommendation [29, 30]. One of the 2015 Millennium 
Development Goal target was to reduce the proportion of underweight children 
under-five years to 20% by 2015. However, this target was not achieved. 
Evidence from the three Nigeria Demographic and Health Surveys (NDHS) 
conducted in 2003, 2008 and 2013 indicated that the prevalence of stunting in 
children under-five years declined from 42% in 2003 to 37% in 2013 while wasting 
and underweight increased from 11% and 24% in 2003 to 18% and 29% in 2013, 
respectively [24, 31, 32] as shown in figure 3. For the purpose of assessing trends, 
the data from the 2003 NDHS were recalculated using the WHO child growth 
standards adopted in 2006 [5]. 
The findings from all NDHS show extensive geographic disparities in child health, 
with children in the Northern zones fairing worse than children in the Southern 
zones, and with persistent socioeconomic disparities across nearly all child health 
indicators [33]. However, the survey failed to decompose these socioeconomic 
inequalities to understand the different patterns of inequality within vulnerable 
subpopulations and to ascertain their contribution to child undernutrition over time. 
10 
 
  
 
 
Figure 3: Trends in nutritional status of children under-5 years, 2003-2013 
 
Trends analysis shows that despite the improvement in stunting (long term 
malnutrition), there is still a recent nutritional deficiency due to the worsening 
economic conditions and growing food insecurity recently observed in the country 
which could explain the increase in acute malnutrition [24]. 
In recent times, the economic growth in Nigeria has slowed leading to deterioration 
in the living conditions of households due to changes in income, education, 
employment and other socioeconomic factors that directly or indirectly affects food 
security [34, 35]. The decline in the socioeconomic status of households results in 
social distress for an increasing number of households which has an adverse effect 
on child nutrition. Hence, the need to identify the most significant socioeconomic 
factors with the highest contribution to child undernutrition in order to direct 
effective interventions to improve child nutrition in Nigeria, thereby setting the  
country  on  the  path  to  achieving  the  WHO  global  nutrition  target  of  reducing 
childhood stunting by 40%, low birth weight by 30% and wasting to less than 5% by 
2025 [28]. 
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 1.9 Tackling child undernutrition in Nigeria 
The Federal Government of Nigeria signed the Scaling-up Nutrition (SUN) movement in 
2011 and the Global Nutrition for Growth Compact in 2013. The government has 
invested heavily in maternal and child health intervention programs such as the 
Integrated Maternal Newborn and Child Health Strategy, National Emergency  Action 
Plan, the Expanded Program on Immunization, Integrated Community Case Management 
of Childhood Illnesses in Nigeria, Subsidy Reinvestment and Empowerment Program, 
Maternal and Child Health (SURE-P-MCH), Midwives Service Scheme (MSS) and 
primary health care infrastructure upgrades through the Ward Health System [24, 36]. In 
doing   this, the   government has committed   to   tackling the   high   rates   of child 
undernutrition in the country. However, despite these commitments from the government, 
a visible reduction in all three undernutrition indicators is yet to be observed in Nigeria. 
Currently, Nigeria still has one of the highest rates of child undernutrition in the world 
alongside India and Pakistan [4, 20].  
UNICEF and other civil society organizations (CSOs) participate in the Nutrition Partners 
Forum and contribute to nutrition activities through implementation of community-level 
nutrition programmes. CSOs currently working on nutrition in Nigeria include: Save the 
Children UK, Global Alliance for Improved Nutrition (GAIN), Helen Keller International 
(HKI), Micronutrient Initiative, MITOSATH, Action Against Hunger, Medecins Sans 
Frontieres (MSF), Valid International, and Food Basket International [37].  As part of efforts 
to address the serious undernutrition situation in Nigeria, a National Strategic Plan of Action 
for Nutrition (NSPAN) has been devised that builds off other strategic documents such as 
Vision 20:2020 and the National Strategic Health Development Plan for 2009 to 2015 [37]. 
This strategic plan has been formulated as a guide for action for the Health Sector component 
of the National Food and Nutrition Policy (NFNP) [38]. The main objective of the NSPAN is 
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 to build upon the framework outlined in the NFNP to improve the nutritional status of 
Nigerians especially women of reproductive age and children under five years of age with a 
particular focus on maternal nutrition, infant and young Child Feeding (IYCF), management 
of Severe Acute Malnutrition (SAM) in Children under-five, Micronutrient Deficiency 
Control (MDC), diet related non-communicable diseases, nutrition information systems 
(NIS). However, the challenge is to ensure that these nutrition interventions reach those most 
in need. 
Report from research on activities carried out by the Working to Improve Nutrition in 
Northern Nigeria (WINNN) programme concluded that taking action to address the root 
causes of child undernutrition is essential in reducing the high rate of child undernutrition in 
Northern Nigeria. The WINNN program, implemented by the Nigerian Government with 
support from UNICEF, Save the Children International (SCI) and Action Against Hunger, is 
funded by the Department for International Development (DFID) and works in 3 LGAs 
within 5 Northern states (Jigawa, Zamfara, Kebbi, Katsina and Yobe). The program aims to 
enhance nutritional status of children under-five years through the delivery of nutrition 
interventions under the routine health services in the five Northern States [39]. WINNN 
programme uses the Community management of acute malnutrition (CMAM) methodology 
for treating severe acute malnutrition (SAM) in young children via therapeutic feeding in 
inpatient or outpatient facilities [39, 40]. The CMAM service uses a case-finding and triage 
approach to identify children with SAM in communities. It includes screening, provision of 
ready-to-use therapeutic food (RUTF) and medicines, infant and young child feeding (IYCF) 
counselling, and community sensitization on malnutrition. Between 2013 and 2016, over 
200,000 children with SAM were treated in the WINNN supported CMAM sites. This 
represents about 20,000 lives saved [40]. Despite these efforts, more needs to be done in 
order to set the country on the path of achieving the WHO global nutrition target by 2025. 
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 1.10 Rationale of study 
Past studies conducted in Nigeria on the causes of child undernutrition reported 
factors ranging from community-, household-, environmental-, socioeconomic and 
cultural influences as well as child feeding practices and the presence of infections [40, 
41, 42, 43]. However, these were small scale regional studies which were limited in scope 
as data used was not nationally representative and findings from such studies could not be 
generalized to the entire Nigerian population. Also, these studies do not take into 
account the severity of each undernutrition indicator across child’s age. Hence, there is a 
need for a population-based study using nationally representative data to 1.) Determine 
the most significant factors associated with undernutrition; 2.) Determine the most 
vulnerable sub- populations; 3.) Describe the distribution of undernutrition by severity 
status across critical period of child growth and 3.) Ascertain the contribution of 
socioeconomic factors to the burden of undernutrition over time, given the recent 
economic situation in Nigeria. 
In the larger context of SSA, previous individual studies conducted to determine the 
burden of undernutrition in SSA applied various analytic designs and geographic 
operationalization. These studies reported on child undernutrition as geographic 
specific studies without making informed regional comparisons that will assist in the 
formulation of regional initiatives to address regional disparities in child nutrition 
within SSA. The high rates of child undernutrition in SSA necessitates the conduct of a 
study that systematically collates evidence across the sub-regions of SSA on the most 
significant factors associated with undernutrition to drive region-specific interventions 
which could lead to a decline in undernutrition within the region. 
1.11 Research objectives 
The main aim of this thesis is to examine child undernutrition in Nigeria. The present 
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 study was undertaken with the following specific objectives: 
1. To identify common factors associated with child undernutrition in SSA through 
a systematic review of relevant studies. 
2. To examine the distribution of child undernutrition in SSA through a meta-analysis 
of Demographic and Health Surveys. 
3. To determine the most significant factors associated with stunting and severe 
stunting among children under-five years in Nigeria. 
4. To determine the most significant factors associated with wasting/severe wasting 
and underweight/severe underweight among children under-five years in Nigeria. 
5. To examine the trends in socioeconomic-related inequalities in child undernutrition 
in Nigeria using the decomposition approach. 
6. To provide evidence-based policy options for improving child undernutrition in 
Nigeria. 
1.12 Demographic and Health Surveys (DHS) 
The source of data used in this thesis is the DHS datasets of the various countries 
surveyed. The DHS is a nationally representative survey conducted every five years 
and designed  to assist developing countries to collect data on fertility, family 
planning, and maternal and child health. The project is implemented by ICF 
International and funded by the USAID, with contributions from other donors such as 
UNICEF, UNFPA, WHO and UNAIDS. The strategic objective of the DHS 
programme is to improve and institutionalize the collection and use of data by host 
countries for programme monitoring and evaluation and for policy development 
decisions. The DHS programme uses standardized methods in their surveys to ensure 
uniformity of results from different countries. Participating countries adopt 
standardized uniform questionnaires, manuals, and field procedures that are developed 
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 by the DHS to gather information that is comparable across countries [44]. 
The NDHS uses a stratified, two-stage (cluster), random sampling design. Each state 
in Nigeria was stratified into two distinct groups of urban and rural areas. The census 
enumeration areas were used as the clusters for the NDHS survey. In the first  stage, 
clusters were selected based on probability proportionate to the population size among 
its urban and rural areas. In each of the selected clusters, a complete listing of 
households was obtained. The listed households then served as the sampling frame for 
the selection of households to be interviewed in the second stage. Thereafter, 
systematic sampling with equal probability was used in the second stage in selecting 
the specified number of households in each cluster for interview. A structured 
questionnaire is used for interviewing women aged 15-49 years, men aged 15-59 
years, and collecting the anthropometry of children under-5 years from the selected 
households by collating data on a wide range of  socioeconomic,  demographic,  
environmental,  and  health characteristics of the household [44]. 
1.13 Methodology and analysis 
The analyses were performed using Stata version 14.0 (StataCorp, College Station, TX, 
USA). The datasets analyzed in this study were extracted from the most recent DHS 
(2006-2016) of the various SSA countries examined. The datasets are publicly available 
from the DHS website [44]. Appropriate statistical adjustments were applied to the 
datasets in order to answer each research question. These statistical methods include: 
multivariable analysis modelling using a five-stage conceptual technique adopted from 
UNICEF Conceptual Framework (Publications 3, 4 & 5), Taylor series linearization 
method to estimate 95% confidence intervals (Cls) around prevalence estimates 
(Publications 3, 4 & 5), a random effect model in the meta-analysis due to high level of 
inconsistency (I2 > 50%) obtained from the test of heterogeneity of the DHS data for the 
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 different SSA countries examined (Publication 1) and a decomposition analysis which 
provided point estimates and standard errors to estimate concentration index (CI) 
(Publication 5). These methods are discussed extensively in each of the corresponding 
publications. 
1.14 Thesis outline 
This thesis comprises of five sections.  
Section I is an overview of the research. 
Section II is a literature review of child undernutrition in SSA and consists of two 
chapters. Chapter 1 examined   the   factors   associated   with   child undernutrition in 
SSA through a systematic review of relevant studies (Publication 1).  Chapter 2  reported 
the meta-analysis of the prevalence of child undernutrition in SSA using the   
demographic   and   health   surveys   (2006-2016)   of   32   SSA countries (Publication 
2).    
Section  III focused  on  understanding child  undernutrition  in  Nigeria  and consists 
o f  Chapter  3  which  examined  Stunting and  severe  stunting among  children  under-
5 years  in Nigeria (Publication 3), Chapter 4 which examined Wasting and 
Underweight among Children  Under-Five  Years  in  Nigeria  (Publication  4)  and  
Chapter  5   which analyzed  the  trends  in  socioeconomic  inequalities  in  child  
undernutrition  using  the decomposition approach (Publication 5). 
Section IV presents the policy implications for child undernutrition in Nigeria. 
Section V summarizes the main findings of the research, highlights the strengths and 
limitations of the research, proffers recommendations for future research and concludes 
the study. 
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SECTION II 
 
Literature review 
 
This section presents two manuscripts titled “Stunting, wasting and underweight in Sub-
Saharan Africa: A Systematic Review” (publication 1) and “Child malnutrition in sub-
Saharan Africa: A meta-analysis of demographic and health surveys (2006-2016)” 
(publication 2). 
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SECTION III 
 
Child Undernutrition in Nigeria: Factors and Trends 
 
This section presents 3 manuscripts.  The first manuscript is on factors associated with 
stunting and severe stunting among children aged 0-59 months in Nigeria (Publication 3). 
The second manuscript is on factors associated with wasting and underweight among children 
aged 0-59 months in Nigeria (Publication 4). The third manuscript analyzed the trends in 
socioeconomic-related inequalities in childhood undernutrition in Nigeria using the 
decomposition approach (Publication 5- Under-review). 
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Socioeconomic inequalities in childhood undernutrition in Nigeria: 
A decomposition approach 
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SECTION IV 
 
Policy implications of findings 
 
This section presents the policy implications for child undernutrition arising from this 
research that will assist public health researchers and policy makers in formulating 
community-based interventions targeted at reducing the burden of child undernutrition in 
Nigeria. 
124 
 
 5.1   Introduction 
Public health policy in the form of laws, rules, regulations, financial decisions, judicial 
decrees, administrative decisions as well as agency guidelines and budget priorities made 
by governments and other relevant organizations has a profound effect on health status [1, 2, 
3,]. The formulation of public health policies is complex and depends on a variety of 
scientific, economic, environmental, social, and cultural forces within society [4]. The 
process of policy formulation in public health practice consists of four interlinked stages 
which increases the possibility of a policy being adopted. The first is the problem stage 
which involves identifying the problem and policy agenda setting. The second is the 
policy stage which involves presenting the alternative policy approaches that may be 
taken to address the problem [3]. The third is the politics stage which involves 
implementing a policy and recognizing the factors both inside and outside government that 
influence the policymaking process [4]. The fourth stage involves policy evaluation. 
Previous chapters in this study addressed the problem stage of the policy process involved 
in child undernutrition. This chapter involves formulating a policy response as part of the 
policy stage of the policy process. Based on the findings presented in this thesis, the 
factors that predispose a child to undernutrition are multisectoral, and require the 
involvement of various sectors - agriculture, health, education and finance - working in 
synergy to achieve a visible reduction in childhood undernutrition. A commitment from 
the government at all levels (federal, state and local) is crucial in achieving the post-2015 
sustainable development goal of improving child health in Nigeria. Policy strategies to 
improve under-five child nutrition in Nigeria are hereby proposed in the following 
subsections. 
5.2   Improvement in maternal education 
In our research, child undernutrition in Nigeria reported a higher proportion among 
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 children born to uneducated mothers [5, 6]. Our trends analysis also show that low maternal 
education contributed immensely to the burden of child undernutrition in Nigeria [7]. This is 
consistent with findings from studies conducted in Ghana [8], Tanzania [9] and Ethiopia 
[10] that also reported a negative relationship between maternal education and child 
undernutrition. Thus, improving maternal education should be prioritized in order to reduce 
child undernutrition in Nigeria. This improvement could be achieved through an increase in 
female participation in formal education or through nutrition behavior change 
communication. 
5.2.1 Encouraging female education 
Education is a fundamental human right for all, girls and women included. However, 
in Nigeria about 38% of women have no formal education [11]. The poor education 
attainment among women in Nigeria could be attributed to several factors such as 1.) 
Religious beliefs of some sects in Nigeria that believe and teach that women should not 
acquire western education as seen in the Boko Haram sect in northern Nigeria [12]; 2.) 
Scarcity of resources which reduces emphasis on educating females, with the priority 
being to educate males in order to empower the male child to assume the breadwinner 
role, while the females are expected to assume a traditional homemaker role [13]; 3.) 
Social rationale where women are perceived to be less valuable once educated, and less 
likely to be submissive to the man (father, brother or husband [13]; 4.) Cultural beliefs, 
attitudes and practices which prevent girls from benefiting from educational opportunities 
to the same extent as the male child, because the girls are expected to be silent workers, 
bear children and help their husbands in the farm [12]. 
Therefore, efforts by the government are required in formulating and implementing 
education campaigns that encourage the enrolment of the female child in formal education 
and also promote community-based informal education of mothers on proper child 
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 feeding practices and sanitation. Female education should not be restricted to basic 
literacy and numeracy, but also information on health and nutrition. Furthermore, there 
is little nutrition component in the school curriculum that covers information on maternal 
and child nutrition despite the high expectation that most students will shortly take on 
the role of caregivers [14]. Hence, there is a need for the education sector to work in 
synergy with the health sector to incorporate appropriate information on maternal and child 
nutrition into the school curriculum. 
5.2.2 Behavior change communication 
An important component of a nutrition intervention is the transmission of valuable 
information to the targeted subpopulation. These communications are aimed at 
improving knowledge and influencing a positive behavior change. A key method to do this 
is through social marketing which is aimed at changing or modifying behavior for the 
benefit of individuals and society as a whole. These could be achieved through mobile 
phone counselling, face to face counselling and community mobilization. 
Mobile phone counselling 
The mobile phone behavior change communication (BCC) intervention is an integral 
component in facilitating a positive change in behavior through nutrition education for 
women from poor households in order to improve child nutrition using the mobile 
phone platform. This strategy involves the government collaborating with the health and 
education sectors as well as viable telecommunication companies to ensure the adequate 
dissemination of child nutrition information. Mobile phone BCC intervention could be 
structured to relay concise, nutrition-specific and pre-scheduled voice messages, spoken in 
the native language of the recipient. These constant communications with the women will 
initiate positive behavioral changes and improve child feeding practices which could 
reduce child undernutrition in Nigeria. A recent review on the implications of mobile 
phones on infant and young child feeding (IYCF) BCC identified four mobile phone-
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 based BCC delivery approaches: voice counselling, direct messaging, interactive media 
and job aid applications. The review reported that individual trials of interventions using 
direct messaging, voice counselling or a combination of both approaches showed positive 
effects on exclusive breastfeeding [15]. However, further research on effectiveness, 
implementation pathways and cost-effectiveness of specific BCC delivery approaches is 
needed. 
Another study conducted in Bangladesh to assess accessibility, acceptability and 
effectiveness of the “Aponjon” mobile phone based health messages for BCC and 
improved health care practices found that BCC resulted in greater health knowledge 
dissemination and improvement in maternal health care service usage for those that 
participated in the study for 6 months or longer. The program h o w e v e r  recommended 
that the intervention must be specifically targeted, at regular frequency and duration to 
have an appreciable impact [16]. 
Face to face counselling 
Face-to-face counselling is a   concept   which   involves   social   interaction   without any 
mediating technology. Face-to-face communication is particularly suitable for educative 
discussion and immediate feedback from the mothers involved. The government should 
deploy nutrition health educators to local communities to engage women of reproductive 
age in community-based peer counselling and in-person counselling on nutrition health. 
These interactions open up conversations on nutrition, assisting the mothers to set 
nutrition goals and achieve them. The primary aim of face-to-face counselling BCC 
intervention is to inform and educate mothers about appropriate infant and child care 
practices as well as sanitation improvement. Such interactions will go more in-depth than 
short BCC messages; it will explain and demonstrated the practical and logistical factors 
associated with child undernutrition, and enable mothers to understand the relevance of 
proper child nutrition to child growth. 
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 Community mobilization 
Health sector interventions should not be only clinical and curative in nature, but they 
should involve the participation of the local community so as not to limit the scope and scale 
of child nutrition interventions. Community participation is a key element of the 
sustainable development strategies that requires the active and effective involvement of the 
community in setting priorities, and in the decision-making processes, as well as in the 
development and implementation of planning strategies aimed at improving public health 
[17]. Adequate promotional programmes aimed at orienting and educating the 
community regarding the major factors associated with child undernutrition will positively 
influence child nutrition in Nigeria. Programmes such as; 
1.) Handwashing week - which is dedicated to increasing awareness within the 
community on the importance of handwashing with soap as an easy, effective, 
and affordable way to prevent disease and improve nutrition. Activities of this week 
should involve demonstrations of proper handwashing techniques. 
2.) Child feeding week – which focuses on educating the mothers within the 
community on the importance of exclusive breastfeeding for the child in the first 
six months of life and thereafter adequate complementary feeding is introduced 
alongside continued breastfeeding from six to 24 months and beyond [18]. During 
this week, emphasizes should be placed on creating awareness about appropriate 
complementary feeding practices, this should include information on minimum 
dietary diversity (MDD), minimum meal frequency (MMF), minimum acceptable 
diet (MAD) as well as timeliness in introducing solid, semi-solid or soft foods (ISF) 
[19]. 
3.) The “critical” window week - this should target raising awareness on the 1,000 
day period from conception to the second birthday of the child, during which period 
70% of growth deficit occurs. In our research, perceived birth size (a proxy variable 
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 for birth weight) was reported as a significant predisposing factor to suboptimal child 
growth. Poor maternal nutrition predisposes the foetus to poor growth leading to 
intrauterine growth retardation which is strongly associated with small birth size and 
low birth weight. Studies have shown that antenatal iron/folic acid supplementation 
could prevent intrauterine growth retardation and thus improve birth size and weight 
[20, 21, 22]. Therefore, during this week, positive nutrition messages aimed at 
improving maternal and child health should be emphasized, such as healthy 
maternal nutrition during pregnancy with a focus on iron and folic-acid 
supplements, dietary diversity and proper hygiene. 
The active participation of the community in these programmes will increase child 
nutrition health awareness, promote social inclusion, mitigate inequality as well as increase 
the sense of responsibility and self-sufficiency, which are essential components for a 
sustainable socioeconomic development in underprivileged regions in Nigeria where there 
is a lack of sufficient public funds and access to basic services. 
5.3   Cash transfer programs 
Findings from this thesis indicate that poor households with low SES have a higher rate 
of child undernutrition [7, 20]. Effective strategies aimed at addressing poverty should 
involve the introduction of social protection policies such as cash transfer programs that 
provide monetary support to mothers from poor households especially in rural areas to 
stimulate a change in behavior. These programmes can help in reducing the impact of 
poverty on undernutrition and promote social inclusion of families in situations of extreme 
poverty [21]. The overall aim of these initiatives is to reduce household vulnerability to 
nutrition deficiencies with a view to reducing poverty, improving access to food, improving 
health and education outcomes in the short term as well as to break the intergenerational 
transmission of poverty by investing in human capital formation [22]. These programs 
accompanied by health and nutrition information (covering topics like proper hygiene and 
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 prevention of diarrhoea, food preparation, best practices for  breastfeeding  and  
complementary feeding), social support, weight monitoring and micronutrient 
supplementation can improve child  care and  feeding  practices,  prevent  diseases  and  
improve  the  overall  nutritional status of young children. The extent to which programs 
can have these different impacts will depend critically on the local context, the specifics 
of program design, including the transfer value [23] and the availability of complementary 
services such as effective antenatal care services, efficient health care services, and clean 
water supply. 
Cash transfers can either be conditional, where beneficiaries must comply with a set 
of conditions before receiving the cash, or unconditional, where no conditions are 
required in order to receive cash payments. The debate over whether cash transfer 
programs should include conditions has been at the forefront of recent global policy 
discussions [24]. A clear communication about the importance of using services is an 
element of conditionality clearly associated with greater service uptake. However, 
monitoring conditionality is costly, and recent findings indicated that conditionality is not 
required for a cash transfer programme to have some desired health and nutrition impact 
[25]. Thus, it is important to determine whether conditions are necessary. However, 
recent findings from studies conducted in low and middle income countries suggest that 
conditional cash transfer (CCT) programmes can be effective in increasing the use of health 
services and improving child nutritional status [26, 27]. The theory of unconditional cash 
transfer (UCT) is that the poor are rational actors, and that the provision of additional 
income will encourage uptake of desired behaviours, through which they will eventually 
emerge out of poverty. Evidence also shows the effectiveness of UCT programs in 
improving food consumption, food security and diet diversity [23, 28, 29]. However, report 
from studies has also stated that UCT has no impact on health or education measures [28, 
30]. Therefore, understanding the impact of CCT and UCT on child nutrition outcomes is 
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 essential in developing, designing and implementing effective cash transfer programs 
suitable for each community in Nigeria. 
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SECTION V 
 
Summary 
 
This section presents an overview of the main research findings, the strengths and limitations 
of the study, recommendations for future research and conclusion. 
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 6.1 Overview of the main findings 
 
 
This study addressed five specific objectives. The common factors associated with child 
undernutrition in SSA were identified from reviewed studies. The distribution of child 
undernutrition in SSA was examined and Nigeria reported one of the highest rates in the 
region. The most significant factors associated with stunting, wasting and underweight 
among children under-five years in Nigeria were determined. The trends in socioeconomic- 
related inequalities in child undernutrition in Nigeria were examined. The following 
subsections give an overview of the main findings from each study.  
6.1.1 Stunting, wasting and underweight in Sub-Saharan Africa: A Systematic Review [1] 
A total of 2,810 articles were retrieved from the five databases, of which 49 studies met our 
inclusion criteria. The most consistent factors associated with child undernutrition in SSA as 
reported from the reviewed studies were: low mother’s education, increasing child’s age, sex 
of child (male), wealth index/SES (poor household), prolonged duration of BF (>12 months), 
low birth weight, mother’s age (<20 years), source of drinking water (unimproved), low 
mother’s BMI (<18.5), birth size (small), diarrhoeal episode, low father’s education and place 
of residence (rural). Other factors also reported were; large family size, geographical 
region/geopolitical zone, multiple births, short birth interval, high child parity, lack of 
immunization/vaccination, family type (polygamous), no health care use, lack of health 
insurance, fever, inappropriate child feeding practices and environmental  variables 
associated with sanitation, hygiene and housing conditions. Findings from this study revealed 
that Southern and Central Africa regions has the lowest number of studies reviewed which 
suggests the need to further assess malnutrition indicators in SSA in order to understand its 
distribution in the four sub-regions. 
6.1.2 Child malnutrition in sub-Saharan Africa: A meta-analysis of demographic and 
health surveys (2006-2016) [2] 
This study reported stunting within countries in East Africa as the highest in the SSA region 
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 while wasting and underweight were highest within countries in West Africa. Stunting was 
reported as highest in Burundi and Malawi in East Africa; Niger, Mali, Sierra Leone and 
Nigeria in West Africa; Democratic Republic of Congo and Chad in Central Africa. Wasting 
was highest in Niger, Burkina Faso and Mali in West Africa; Comoros and Ethiopia in East 
Africa; Namibia in Southern Africa; Chad and Sao Tome & Principle in Central Africa. 
Underweight was highest in Burundi and Ethiopia in East Africa; Niger, Nigeria, Burkina 
Faso, Mali in West Africa; and Chad in Central Africa. In this study, Nigeria reported one of 
the highest rates for stunting, wasting and underweight compared to other West 
African countries, which suggests the need to direct child nutrition interventions to the most 
vulnerable subpopulations within the country. The above findings necessitated a study into the 
idiosyncratic factors associated with the high rates of child undernutrition in Nigeria given its 
population. 
6.1.3 Stunting and severe stunting among children under-5 years in Nigeria: A 
multilevel analysis [3] 
The prevalence of stunting and severe stunting were 29% [95% Confidence interval (Cl): 
27.4, 30.8] and 16. 4% [95%Cl: 15.1, 17.8], respectively for children aged 0–23 months, and 
 
36.7% [95%Cl: 35.1, 38.3] and 21% [95%Cl: 19.7, 22.4], respectively for children aged 0–59 
months. Multivariate analysis revealed that the main factors associated with stunting among 
children aged 0– 59 months in Nigeria were: sex of the child (male), perceived birth size 
(small), children who had diarrhoea, duration of breastfeeding (>12 months), wealth index 
(poorest household) and geopolitical zone (North West, North East and North central). 
Factors associated with severe stunting among children aged 0– 59 months in Nigeria 
included: sex of the child (male), perceived birth size (male), children who had diarrhoea, 
wealth index (poorest household), geopolitical zone (North West, North East and North 
central), and maternal BMI (<18.5 kg/m2). 
6.1.4 Multilevel Analysis of Factors Associated with Wasting and Underweight among 
Children Under-Five Years in Nigeria [4] 
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 In this analysis, children aged 0–5 months and 6–23 months are the most affected by wasting 
and severe wasting, while children aged 6–23 months and 24–59 months are the most 
affected by underweight and severe underweight. The prevalence of wasting was 18% (95% 
CI: 17.1, 19.7) and severe wasting 9% (95% CI: 7.9, 9.8). The prevalence of underweight was 
29% (95% CI: 27.1, 30.5) and severe underweight 12% (95% CI: 10.6, 12.9). Multivariable 
analysis revealed that the most consistent factors associated with wasting and severe wasting 
are: geopolitical zone (North East, North West and North Central), low parents education, 
home delivery, perceived birth size (small and average), sex of child (male), mother’s BMI 
(<18.5 kg/m2), no delivery assistance from health professionals and children who had fever in 
the two weeks preceding the survey. Child’s age was also significantly associated with 
wasting and severe wasting. The main factors associated with underweight and severe 
underweight were: geopolitical zone (North East, North West and North Central), low 
parents education, place/mode of delivery (home delivery and non-caesarean), mother’s 
BMI (<18.5 kg/m2), prolonged duration of breastfeeding (>12 months), preceding birth 
interval (<24 months), sex of child (male), non-breastfed children, and children who had 
diarrhoea and fever in the two weeks prior to the survey. Child’s age was significantly 
associated with severe underweight. Findings from this study suggest that interventions aimed 
at improving maternal health and access to health care services for children especially in the 
northern geopolitical zones of Nigeria are urgently needed. 
6.1.5 Socioeconomic inequalities in childhood undernutrition in Nigeria: A decomposition 
approach [5] 
The concentration index (CI) of stunting was greater in 2003 than in 2013 and showed a 
significant decline from a positive value to a negative value, suggesting a decline in 
childhood stunting. While the CI of wasting and underweight increased from a negative value 
to a positive value between 2003 and 2013. The difference in the CI for underweight between 
2003 and 2013 was not significant (p>0.05) but differences in the CI for stunting and wasting 
were significant (p<0.05). The decomposition of the concentration index showed that the 
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 consistent factors with the largest contribution to socioeconomic inequalities in child 
undernutrition (stunting, wasting and underweight) over time were child’s age (0 – 23 
months), household wealth index (poorest household), maternal education (no education), 
mother’s age (≤ 24 years), type of residence (rural) and geopolitical zone (North East and 
North West). 
6.2 Strengths and limitations of study 
 
This research had several strengths. First, the data used in the analyses were derived from the 
most recent DHS of the individual countries surveyed. The DHS are population-based, 
nationally representative surveys with a large sample size and high response rate 
(>90%). Hence, our study findings can be generalized to the entire Nigerian population and 
the SSA region with regards to the each specific objective addressed [1, 3, 4, 5]. Second, the 
DHS data used in this study was collected using standardized questionnaires, protocols 
and a well- established survey design with minimal selection bias. The variables used 
by DHS are similarly defined in all surveys, thus comparable across all countries [6] 
thereby giving credibility to the study. Third, the definitions of undernutrition indicators 
(stunting, wasting and underweight) applied in this study were based on the 
recommendation of World Health Organization (WHO). Also, in examining the association 
between the independent variables and the outcome (undernutrition), a wide range of 
potential confounders were included in each analysis to improve the validity of the 
results. Fourth, this study applied appropriate statistical adjustments to data obtained from a 
nationally representative survey to identify the most vulnerable subpopulation or sub-region 
affected by undernutrition in a large sample. Also, the proportion of missing data was 
relatively small, such that it may not have affected estimates in this study. Finally, to the 
best of my knowledge on public health literatures available in Nigeria, this study is the 
first to analyze child undernutrition using the most recent DHS data available to identify 
the factors associated with undernutrition by severity as well as the trends in socioeconomic 
inequalities in child undernutrition in Nigeria. 
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 Although this research has yielded valuable findings and has contributed immensely to the 
existing body of evidence on child undernutrition in Nigeria, there were some limitations 
identified. First, due to the cross-sectional nature of the study design, a causal relationship 
could not be established between the independent variables and the outcome (undernutrition) 
because the analyses were based on a retrospective, cross-sectional study. Second, despite the 
use of a comprehensive set of variables in our analysis, the effect of residual confounding as 
a result of unmeasured co-variates could not be ruled out; this include household food 
security, parent’s height, father’s BMI, direct measures of child’s diet and feeding pattern, as 
well as energy expenditure through physical activity to identify possible casual paths. Third, 
the classification of localities into urban and rural areas might be problematic as large cities 
have heterogeneous areas with regard to these variables, and data to identify such 
heterogeneity are not available. Fourth, the mother’s perception of birth size was used as a 
proxy measure for birth weight in this study. However, the rationale the mothers used in 
estimating the size of their newborn remains unclear. Fifth, there was no direct measure for 
household income. The proxy measures and the construction of an index might have affected 
the impact of these variables on the dependent variable. Sixth, due to the large difference in 
sample size between 2003 and 2013 NDHS, trend analyses may reflect power differences 
across survey years, however both surveys where weighted to represent the Nigerian 
population. Finally, some SSA countries were not included because they had no recent 
DHS data (2006±2016) or had no comprehensive data on the undernutrition indicators. 
6.3 Future research 
 
This body of research has provided substantial evidence to policy makers and programme 
managers to aid in the formulation and adjustment of public health policies to improve child 
nutrition in Nigeria.  However, further research is needed.  First, a cluster randomized 
controlled trial (RCT) is required to evaluate the impact of mobile phone counselling, 
community-based peer counselling and cash transfer programs on the nutritional status of 
children especially in the Northern region of Nigeria. 
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 Second, most studies conducted on childhood undernutrition are quantitative studies with 
very limited qualitative studies. In quantitative research, the ability to control the research 
environment is limited as responses often depend on conditions occurring during a particular 
time frame [7] while qualitative approaches cannot be extended to wider populations because 
the findings of the research are not tested to discover whether they are statistically significant 
or due to chance [8]. Therefore, further research using qualitative comparative analysis 
(QCA) method that bridges between qualitative and quantitative analysis should be 
conducted in Nigeria. The QCA method examines cross-case patterns with respect to the 
diversity of cases and their heterogeneity and it is a powerful tool for the analysis of causal 
complexity involving different combinations of causal conditions [9] capable of predisposing 
a child to undernutrition. This approach will provide stronger evidence for more targeted 
intervention strategies. Third, to permit proper implementation of the policy implication of 
these findings, there is a need to explore a state-by-state intervention strategy since policies 
are often made at state level and not at zonal level. 
Finally, future research should also focus on ways of improving health management 
information systems so as to achieve real-time monitoring of nutrition outcomes [10]. 
6.4 Conclusion 
Our analysis contributes to the existing body of research on the epidemiology – prevalence, 
distribution and drivers – of child undernutrition in Nigeria. This study provides policy 
makers and programme managers with important insights for the effective allocation of 
human and financial resources to improve child nutrition in Nigeria. 
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